The eae gene has recently been shown to be necessary for the attaching and effacing (AE) activity of enteropathogenic Escherichia coli (EPEC) on intestinal epithelial cells. In this paper we report the cloning and nucleotide sequence of a similar gene from a strain of enterohemorrhagic E. coli (EHEC) serotype O157 : H7. An EHEC ette seque~ce v,as identified which was 97% homologous to the FPEC eae gene for the first 2200 bp and 59% homo',.ngc,ts over the last 800 bp. Both eae sequences show 50% homology to the central region of the Yersinia pse,~d,~mber-cttlosis int' gene. The receptor-binding domain o~" the int, gene product lies near the carboxyl terminus. This suggests that the predicted amino acid sequence divergence in the carboxyl termini of
the eae gene products might result in different antigenic and receptor specificity of these putative adhesins.
INTRODUCFION
Enteropathogenic Escherichia coli (EPEC) colonize the intestine of humans [1] and experimental animals [2] , producing a characteristic lesion which has been called attaching and effacing (AE) [3] . The lesion consists of an extremely close (10 nm) approximation of the bacterial outer membrane to the intestinal epithelial cell membrane. q-he microvilli of the enterocyte are effaced and there is polymerization of actin in the cytoplasm subjacent to the area of bacterial attachment [4] . The AE lesion is also produced by enterohemorrhagic E. coli (EHEC) of serogroups 026, O111 and O157 [5, 6] . E. coli strains of serotype O157 : H7 are the most common cause of hemorrhagic colitis, a syndrome characterized by inflammation of the cecum and proximal colon accompanied by bloody diarrhea in humans [7] . They are also the most common cause of the hemolytic uremic syndrome [8] . Jersc et al. [9] and Donnenherg ct al.
[10] recently identified a gene in the EPEC strain E2348/69 which was necessary but not sufficient for the formation of the AE lesion. This genc of approximately 3 kb, which was designated eae, encodes a 94-kDa outer membrane protein [11] . it was shown that E2348/69 mutants carrying transposon TnPhoA insertions in the eae gene were unable to produce the AE lesion when incubated with HEp-2 cells [10] . A 1-kb Stu l-Sail fragment which encompasses the central one-third of the EPEC eae gene was found to hybridize with DNA isolated from bacteria of classical EPEC serogroups as well as with DNA isolated from EHEC of serogroups 026 and O157 [9] . Although both EPEC and EHEC strains cause ultrastructurally similar lesions, as shown in gnctobiotic piglets [3, 6] and in tissue calture cells [4] , the two types of infection can be dlifferentiated by anatomic site of involvement, suggesting differences in adherence factors. We therefore cloned and sequenced the eae gene homologue from an EHEC strain O157:H7 to identify possible sequence dissimilarity with the EPEC eae gene.
MATERIALS AND METHODS

Bacteriological media
E. coli strains were grown in L-broth and Lagar [12] supplemented when necessary with 100 p.g/ml carbenicillin (Sigma Chemical Co., St. Louis, MO). For production of single-stranded DNA, strains were grown in 2 × YT broth [13] . Bacteriophage iambda was grown in iambda broth [12] . LE392 [19, 20] was used for propagation of bacteriophage lambda GEM-I 1 (Promega, Madison, WI). Bacteriophage MI3K07 [21] was used as a helper to produce single-stranded DNA from pTZI8R and recombinant derivatives.
DNA manipulation and sequencb~g
Plasmid DNA was prepared by the method of Birnboim and Doly [22] . Bacterial genomic DNA was extracted using hexadecyltrimethyl ammonium bromide precipitation [23] . Genomic DNA isolated from the EHEC strain CL8 was partially digested with Sau3A and fragments were sizefractionated by sucrose density gradient centrifugation [13] . The desired fragments (14-23 kb) were isolated and ligated to dephosphorylated lambda Gem-11 BamHl arms (Promega, Wisconsin, MA) and packaged using the Packagene System extracts (Promega, Wisconsin, MA). Bacteriophage particles were propagated in E. coli LF392 and plated for plaque isolation.
i'be l-kb Stul-Sall fragment described by Jerse et al. [9] was used as a probe for the eae gene. It was produced by amplification of the central region of the eae gene of strain E2348/69 by the polymerase chain reaction [13] using Taq polymerase (Perkin Cetus Elmer Corp., Norwalk, CT). Primers flanking the Stul and Sail sites were designed using the nueleotide sequence of the eae gene of E2348/69 deposited in Genbank by Jerse et al. [9] . The upstream primer was ATGGAATTCTCGTCACAGTTGCAGGC-CTGGT (2241-2263 of the eae sequence) and the downstream primer was ATGGAATTCC-GAAGTCTTATCAGCCGTAAAGT (3350-332~ of the eae sequence)with EcoRl recognition sequences included at the 5' end of each primer. The fragment was labelled with a32p dATP using a random priming kit (Boehringer Mannheim). This probe was used in plaque hybridizations to further identify clones containing the putative eae sequence.
Fragments which hybridized with the probe were subcloned in pTZI8R [13] . Nested deletions were constructed by sequential digestion with exonuclease III and S1 nuclease using the Erase-abase System (Promega, Madison, WI). Singlestranded templates were prepared from frag- 
Nucleotide sequence and accession number
The DNA sequence data reported here have lllll'"'"'""'""'"'lllllll'""'"" 'llllll" ,,,,,,,,,,,,,,,,,,,,,,,t IIIIIIII,,,,,,,,,,,,,,,,,,,,'"'" .... lllllll,,,,,,,,,,'" ,,,,,,,,,,,,,,,,,,,,,,,, I,,,,,,,,,,,,'"" '"IIIIIII"'"'"'""IIIIII" 'I,,, ,,,,,,,,,,,,, ,,, ,,,,,o Of the plaques screened. several hybridized to the EPEC cue probe on primary screening and one designated AGEM-I 1 D4-4, with an insert of 14-kb, was chosen for further study. The fragments carrying the EHEC cue homologue were identified by hybridization to the I-kb EPEC probe. The entire predicted structural gene was sequenced including 205 bp upstream and 118 bp downstream ( Fig. 1 ) and was compared with that of the EPEC ene gene. The EPEC and EHEC sequences are virtually identical for the first 2200 bp of the structural gene and for approximately 200 bp upstrehn of the start site. However, there is considerable divergence in the last 800 bp where the similarity is only 59%.
The amino acid sequence alignment of the predicted EPEC and EHEC proteins is shown in Fig. 2 . The N-terminal amino acids are highly conserved for the first 685 amino acids while for the C-terminal amino acids, only short stretches can bc aligned. There is conservation of cysteine residues at positions 859 and 933 of the alignment. Jerse et al. [Y] first noted the similarity between the central regions of cue gene of EPEC and the itw gene of Yersitzia pseudotuberculosis. The invasin protein, a product of the ittr gene is an outer membrane protein of Y. psardotubercw losis which has been extensiv&; studied by lsberg et al. [26] . When expressed in E. co/i Kl2, the itw gene is necessary and sufficient for invasion of HEp-2 cells in tissue culture [27] . The irlvasin protein has been divided into three domains on the basis of mutaticjnal analysis and the study of fusion proteins [28] . The amino terminus is important for export beyond the inner membrane while the central region is critical for stable localization in the outer membrane. showed that there was similarity to the cue genes in the central one-third of the sequence. The predicted protein products of the two itw genes also possess a subterminal cysteine residue with a secor,d approx. 80 amino acids upstream. This suggests that the carboxyl termini of all four proteins contain a disulfide loop which may be necessary for biological activity.
On the basis of the similarities between the itu and ea< genes, we hypothesize that the carboxyl termini of the cue proteins are the receptor binding domains. It is likely that the dissimilarities in this region of the molecules are responsible for antigenic variation and possibly for differences in receptor-binding specificity. Sherman et al. [31] showed that antiserum raised against a Y4-kDa outer membrane protein of an 0157: H7 strain inhibited adherence and AE lesion formation by the homologous EHEC strain but had no effect on the adherence of the EPEC strain E2348/6Y. Differences in receptor specificity could explain the differences observed in intestinal coionization by EPEC and EHEC strains. EPEC colonize the entire intestine in animal models and the upper small bowel of humans. In contrast, EHEC strains colonize the cecum and large intestine in animal models while in humans they cause intense proximal colonic inflammation, characteristic of hemorrhagic colitis [4-81. Recent reports suggest that adhesins encoded by the high molecular mass plasmids of EPEC and EHEC strains are important in determining the specificity of adherence to tissue culture cells [32-351. It remains to be seen whether differences in the C-terminal regions of the eae gene products of different EPEC and EHEC strains might result in alterations of receptor specificity.
